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| BACKGROUND
Empirical and computational data support the notion that a considerable proportion of SNPs associated with human diseases are expression quantitative trait loci (eQTLs).
[1] Genetic variants in promoter or enhancer regions may influence transcript levels by modulating the binding of transcription factors to DNA, or by affecting the methylation status of the promoter. [2] Allele-specific gene expression and promoter methylation have been found to be relatively common in human genome. [3, 4] Meta-analysis of melanoma genetic association studies corroborates, among others, the association of a region at 9p21.3, where the methylthioadenosine phosphorylase (MTAP) gene resides. [5] MTAP is an anti-oncogene, and its reduction in gene expression exerts a tumorpromoting effect, including induction of invasiveness, enhanced cell proliferation and resistance against cytokines. [6] Evidence exists that variants linked to the associated intergenic and intronic regions of MTAP locus are eQTLs. [7] Epigenetic silencing by promoter hypermethylation has been described as a mechanism of MTAP inactivation in melanoma cell lines, and it has been associated with tumor progression.
[8]
| QUESTIONS ADDRESSED
The identification of the causative polymorphisms responsible for the observed associations represents an important challenge, and suggestions of biological mechanisms in the regulation of melanogenesis and predicting the effects of regulatory polymorphisms are still necessary.
The aim of this study was to assess whether melanoma/nevi risk alleles rs4636294A and rs7023329A [9] are related to a lower expression of MTAP gene and whether this could be associated with a preferential hypermethylation of the 5′ region of the MTAP gene.
| EXPERIMENTAL DESIGN
See Supporting Information.
| RESULTS
The linkage disequilibrium map of the Ch9; 21.3 associated region is shown in Figure S1 . Genotype results for rs7023329 and rs7023954 performed in 26 individuals are reported in Table S1 .
| Allelic imbalance detection
Comparison of the sequence average peak ratios observed in RNA (cDNA) vs genomic DNA in 12 heterozygous individuals showed a statistically significant (P=.0011) difference in allelic expression, with a downregulation of the rs7023954G allele compared to the A allele (genomic DNA A/G ratio=1±0.11, cDNA A/G ratio 1.2±0.12; Figure 1 ).
| 5′ MTAP allele-specific methylation (ASM) analysis
Four CpG islands (CpG1-CpG4) were identified around MTAP gene transcription start site ( Figure S2 ). Two polymorphisms, rs10738601
and an insertion (ins)/deletion (del) variation located in CpG1, and a highly polymorphic SNP (rs935055) located in CpG4 were identified.
No common polymorphism in CpG2 and CpG3 islands was found.
Consequently, only CpG1 and CpG4 were considered for further ASM analysis. Direct sequencing of CpG4 bisulphite PCR product showed that all CpG sites were unmethylated in all five examined individuals, and was therefore excluded from further analysis. Direct sequencing of CpG1 bisulphite PCR product from the same individuals showed a difference in the methylation status among CpG sites. Subsequently, bisulphite PCR products from CpG1 amplimer were cloned. Sequence analysis revealed that the fragment harbouring rs10738601A allele was significantly hypermethylated compared to the fragment harbouring rs10738601T allele (Mann-Whitney U-test P-value=.0239; Figure 2 ).
| Haplotype reconstruction
Based on the allele frequency of the Toscani in Italia (TSI) population, we next reconstructed the haplotypes for rs4636294A/G- Table S2 ). The hypermethylated rs10738601A allele and the downregulated rs7023954G allele lie within the same haplotype (H1) together with risk alleles rs7023329A and rs4636294A (Table S2) .
| CONCLUSIONS
We demonstrated that the transcript containing the rs7023954G allele is significantly less abundant than the transcript carrying the A variant and that the G allele lies on the same haplotype as melanoma and nevi risk alleles rs7023329A and rs4636294A. [9] To date, a few genes have been shown to exhibit allele-specific expression patterns apparently predisposing to cancer, and in some cases, even a modest decrease in transcript level from one allele of an anti-oncogene can result in a predisposition to cancer (S1-S3). Likewise, inactivation of tumor suppressor genes by promoter methylation is a common occurrence in cancer, and in some cases, epigenetic inactivation is likely to be the initiating event in malignancy development (S4). We have also shown an allele-specific hypermethylation of a region containing a CpG island immediately upstream of the MTAP gene that occurs on the same haplotype as melanoma and nevi risk alleles. [9] These results suggest that the risk haplotype predisposing to melanoma/nevi could be subjected to preferential methylation and down- This study is the first to test the MTAP allele-specific expression correlated with melanoma risk alleles in primary skin fibroblasts analysing the contribution of each allele of a transcribed SNP to gene expression in heterozygous individuals. This approach permits to evaluate the allele-specific expression in the context of the same trans-acting factors.
In conclusion, our results suggest that the haplotype carrying risk alleles of rs4636294 and rs7023329 variants is associated with a downregulation of MTAP anti-oncogene expression, mediated by a hypermethylation of the MTAP upstream sequence in primary fibroblast cell cultures.
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Additional Supporting Information may be found online in the supporting information tab for this article. demonstrated that a frameshift mutation in ZNF750, a zinc finger transcription factor and master regulator of epidermal differentiation, causes early onset (<10 years of age) autosomal dominant seborrhoea-like psoriasiform dermatitis with 100% penetrance (OMIM #610227). Yet, how ZNF750 dysfunction causes the SD phenotype remains unknown.
We have previously generated knockout mice to determine MPZL3
(myelin protein zero-like 3) function in the skin. Mpzl3 encodes an immunoglobulin protein and is expressed in the suprabasal layers of mouse epidermis, the sebaceous gland and anagen hair follicles. 3, 4 Not surprisingly, Mpzl3 knockout mice showed various skin abnormalities, including epidermal and sebaceous hyperplasia and hair loss. [3] [4] [5] Interestingly, these mice also developed early onset skin inflammation with dandrufflike flakes. 4 Importantly, ZNF750 was recently shown to directly bind to MPZL3 promoter and activate its transcription in cultured human keratinocytes. 6 Therefore, Mpzl3 knockout mice can serve as a useful model to understand SD pathogenesis caused by ZNF750 dysfunction.
| QUESTIONS ADDRESSED
In this study, we further investigated the inflammatory skin phenotype of Mpzl3 knockout mice to better understand the pathobiology of SD.
| EXPERIMENTAL DESIGN
| RESULTS
To investigate the effects of loss of MPZL3 function in skin inflammation, we examined homozygous Mpzl3 knockout (−/−) mice and their wild type (+/+) or heterozygous (+/−) littermates.
Skin inflammation became apparent in Mpzl3 −/− mice within 3 weeks after birth, with 100% penetrance, when areas of alopecia on the animals' face, eyelid and upper chest appeared red and swollen ( Fig. 1a-k) . Histology of affected skin in Mpzl3 −/− mice showed epidermal hyperplasia, hyperkeratosis, infiltrates including neutrophils and with occasional parakeratosis at the hair canal opening ("shoulder parakeratosis") ( Fig. 1l,m) . Spongiosis typical of SD, especially during the acute phase, was seen only occasionally.
Interestingly, spongiosis was not detected in the family with SD and the ZNF750 mutation.
2
Prior to apparent skin inflammation, significant levels of aberrant keratin 6 expression were already detected in the hyperplastic epidermis of Mpzl3 −/− mice 12 days after birth (P12) (Fig. S1 ). Expression of filaggrin was also increased in Mpzl3 −/− epidermis (Fig. 1p,q) . PCNA immunohistochemistry demonstrated increased basal cell proliferation in Mpzl3 −/− epidermis (Fig. 1r,s) . We also detected MPZL3 protein expression in the granular layers of human epidermis (Fig. 1u) , consistent with previous reports in mouse (Fig. 1t) 4 and human skin. to that observed in Mpzl3 −/− mice (Fig. 2e-j) . These observations
